The search for a solution to the most vexing problem facing coronary interventions continues. Restenosis after angioplasty was the major limitation of the technique when it was compared with coronary bypass surgery in recent trials. ' The concept of using endovascular radiation to prevent restenosis after angioplasty derives from the similarity between restenotic lesions and other types of wound healing phenomena. The current concept of restenosis is that the luminal renarrowing after angioplasty is the sum of early elastic recoil, neointimal formation, and late vascular constriction. The last two processes, the formation of new intraluminal tissue and the constriction of the vessel, are very similar to the scar formation and retraction that occurs during healing after injury of other tissues. The cells that form the neointimal lesion are believed to originate either from smooth muscle cells or fibroblasts or perhaps both. This process has been well characterised in the porcine coronary model of restenosis.23 In this model, disruption of vessel wall integrity is followed by migration, proliferation, and matrix formation which heals the disrupted artery. When this "healing" is excessive, the lumen is compromised.
Similar exhuberant healing responses are seen in the skin after traumatic or surgical incisions and in the sclera of the eye after pterygium removal. Such healing responses can be inhibited by the administration of ionising radiation shortly after surgical excision of the scars. If restenosis is akin to wound healing, similar attempts at localised radiation treatment seem feasible. Although previous treatments aimed at killing smooth muscle cells in the vessel wall-that is, the laser balloon-were ineffective, the observation of the action of radiation on cell culture gives a possible explanation for the different responses. In these studies,47 cells responded to radiation treatment by the process of apoptosis (programmed cell death) rather than necrosis. These cells lose their ability to replicate by virtue of changes in their DNA structure without the cell itself losing integrity.
Experimental restenosis studies Studies using intravascular radiation have been performed in several models but the most compelling evidence comes from the porcine coronary balloon overstretch model.8-'0 These studies in general were carried out using gamma radiation (iridium-192) . The effect at two weeks was quite dramatic with the formation of neointima being inhibited in a dose dependent manner910 (figure). Further observations of the effect of radiation have been extended to six months in the coronary arteries of mini swine. The dose dependent reduction in neointimal formation persisted Glossary STRESS = Stent restenosis study Benestent = Belge Nederland stent beyond six months, suggesting a sustained effect. Importantly, late fibrotic changes, microvascular, and myocardial or pericardial damage were seen in the controls but not in the treated animals.8 This early experimental work was carried out with commercially available high dose rate afterloaders or iridium ribbons which could be hand delivered. These techniques are used in radiation oncology for cancer brachytherapy.
A more practical radiation source was sought to produce a system useful for coronary artery application. Beta radiation sources have been identified and catheters have been developed that can deliver such sources." 12 Because the beta radiation is absorbed within a few millimeters of tissue, this source is very safe, not only for the patient but also for the operators who no longer have to move away from the patient's side. The results obtained with one of these beta energy systems in the porcine coronary overstretch injury model were identical with those obtained with gamma radiation '-as was the dose dependent suppression of the neointima formation.
Clinical application
Radiation oncology devices using gamma energy have been used in some patients over the past few years. The first clinical work was from the group in Frankfurt treating patients with previous restenosis in the femoral artery. Follow up clinical observations and non-invasive testing suggest sustained benefit.'3 The gamma radiation source has also been used in coronary arteries in Venezuela and in San Diego. A major limitation of this approach is that the laboratory personnel must leave the patient for up to 30-40 minutes required to deliver the prescribed radiation which is not blocked by the usual lead apron or other protection devices. This makes it impractical for interventional cardiology.
A practical system Because the gamma radiation sources required the operator to leave the patient's side and required prolonged dwell times in the coronary artery, another more practical source was sought. A beta radiation source was identified and a catheter was developed which could deliver such a source. Because the beta radiation is absorbed within a few millimeters of tissue, this source became very safe, not only for the patient, but for the operators who no longer had to absent themselves from the patient's side. This system has now undergone extensive animal testing and human trials have begun at our centre.
Others have advocated a more sustained delivery of radiation using radioactive stents. '4 15 At present it appears that neointimal formation after stenting can be inhibited both by a sustained low dose radioactive stent and by onetime catheter based radiation at the time of stenting.' 146 Implications The greatest change in interventional cardiology practice has come during the past two years with the broad application of coronary stenting. The STRESS and Benestent trials '7 18 showed that the restenosis rate could be reduced by about one third. So is there any need for a further reduction in restenosis? The answer is that many lesions undergoing stenting do not fit the criteria of the trials and the restenosis rate in those lesions seems to be in the 30-40% range. These include long lesions, small vessels, ostial and bifurcation lesions, and restenotic and vein graft lesions. In addition, even the most avid stent enthusiasts seldom stent more than 50% of lesions and therefore many are treated without this device. In addition, because chronic vascular constriction and elastic recoil are not part of the lumen loss formula in stented segments, irradiation may provide a great opportunity to reduce the neointimal formation that remains the sole cause of late lumen loss in these patients. On the other hand, if endovascular radiation is effective following other coronary interventions such as balloon angioplasty and atherectomy, then will stenting be as necessary? Certainly these questions, which can only be speculated on now, have important implications for the industry of interventional cardiology as well as for patient care.
The search for the holy grail of restenosis prevention has now gone on for 18 years and it is premature to suggest that the search is over. There is now, however, a new and powerful tool available for investigation and we remain hopeful about the results. 
